The present study describes circulation and stratification changes associated with the melt and breakup of the seasonal ice cover in the coastal waters of southeast Hudson Bay. Field work was carried out at a station located 25 km north of the Great Whale River. Buoyancy fluxes and dissipation rates were calculated as well as changes in potential energy. Surface velocity data were partitioned into frequency bands and complex demodulated. Throughout the sampling period, most of the current energy was found to be in the semi-diurnal tidal band. After ice breakup, however, low frequency and inertial motions became relatively more important in response to direct wind forcing at the sea surface. Changes in amplitudes and phases of the major tidal constituents occurred and are related to the presence of the sea ice cover. Between early April and mid-June, semi-diurnal current amplitude doubled while its phase shifted by 45 to 60 degrees. In early June, the ice cover was sufficiently dispersed to allow the surface turbulence to overcome the buoyancy flux and mix the upper water column.
INTRODUCTION
In coastal waters, entrainment and mixing processes are largely dependent upon hydro-meteorological variables such as river discharge, wind stress, air temperature and precipitation. In a subarctic sea, such as Hudson Bay, these variables undergo large seasonal fluctuations in amplitude. The bay is covered by sea ice (> 90%) from january to May and ice-free (>70%) from July to November Prior to the spring freshet, station 583 was offshore of plume influence and weakly stratified. Influence of the expanding plume was initially observed in mid-May. The combined influence of increasing runoff and local ice melt generated highly stratified conditions in the upper water column. Between May 10 and June 9 1986, the Great Whale River discharged 2.75 x 109 m 3 of fresh water over an area of 2000 km 2 (maximum extent of the plume during spring freshet), representing a 1.38 m thick layer. During the same period, the average decrease in ice thickness at station 583 was 0.9 m, an equivalent input of 0.8 m of fresh water (when sublimation is accounted for) or 58% of the river discharge. In one month, the total freshwater input was equivalent to a layer 2.18 m thick. Since ice-ridge contribution to the total ice volume in Hudson Bay accounts approximately for an additional 0.25 m of ice more than level ice thickness [Prinsenberg, 1988b] , the actual value probably lies between 2.2 and 2.5 m. Changes in stratification observed in the upper water column agree with the above numbers, a sharp pycnocline being found between 2 and 4 m depths (Figures 6 and 7) .
In early June, surface energy input was sufficiently strong to enhance mixing and by mid-June, the near-surface pycnocline was destroyed. Although not shown in Figure 4 , the wind direction plays an important role in determining the degree of mixing in the coastal area at that time of the year. Onshore wind components produce high ice floe concentrations in a wide band along the shore. Initially, the ice motion leads to increasing upper layer turbulence as the floes have a high degree of roughness. Later, once the ice field is pushed against the shore, local mixing decreases as the sea surface is almost completely ice-covered and stationary.
BUOYANCY FLUXES VERSUS DISSIPATION RATES
To analyze the changes in water mass structure during ice breakup, four distinctive periods were selected from the CTD time series according to the stratification characteristics: April 10 to April 29 (period I) , April 30 to May 11 (period II), May 12 to June 3 (period III) and June 4 to 16 (period IV). These periods are indicated by vertical dashed lines in Figures 2, 6 , and 7. Ice-free conditions are also discussed, although such conditions were not sampled in 1986 due to the long time required to completely dissipate the remaining ice. For each period, buoyancy fluxes due to river water and meltwater were calculated as well as top and bottom dissipation rates. From observed changes in stratification, changes in potential energy (PE) were calculated and compared to the combined influence of buoyancy and dissipative processes.
Under the complete landfast ice cover and during breakup, both the freshwater and ambient water masses are at temperatures near their respective freezing points. For these conditions, density differences are primarily caused by salinity changes. The buoyancy flux (m e s 'a) due to river discharge was then calculated using the where Co is the drag coefficient, p the water density and Ut the rms value of the tidal current [Bowden, 1983] . For the mean flow, the under-ice dissipation was obtained from -
where U,,, represents the averaged flow [Atkinson and Blanton, 1986] . Similarly, the bottom dissipation due to tidal and mean currents were evaluated using equations (6) The To calculate the under-ice tidal dissipation (equation (6)), an ice-water drag coefficient of 5 x 10 '3 was selected [Madsen and Bruno, 1986 ]. The rms tidal velocity was taken to be 0.05 m s 'l from current meter data at 2.5 m depth. For the low frequency component of the flow, equation (7) was used. Because the amplitude of the mean current at 2.5 m depth was similar to that of the semi-diurnal tidal current, chosen values for drag coefficient and velocity were the same as for tidal dissipation.
Bottom dissipation was also calculated using equations (6) Figure 6 ). The latter effect could result either from decreased vertical mixing or some other low frequency phenomenon, such as the propagation of coastal trapped waves through the study area [Reynaud, 1990] . Water temperatures remained at or near the freezing point throughout this period (Figure 7) .
In terms of buoyancy flux, the contribution from both fiver runoff and ice melt increased the value to 6.24 x 10 '8 m e s '3. The equivalent mixing power (-9.06 x 10 '4 W m 'e ) was over 3 times that of period During period III (May 12 to June 3), average air temperature was well above 0 ø, promoting rapid sea ice melt and high river discharge (Figure 2) . Although decaying, the sea ice cover was relatively complete at the beginning of the period. Leads were more numerous but similar in dimension to those found in period II. The upper 10 m of the water column at station 583 was highly stratified, with a sharp pycnocline at a depth of about 3 m (Figures 6 and 7) . Below the pycnocline, little variation occurred in salinity values. Water temperature in the Great Whale River was above freezing. However, upper layer temperatures at station 583 remained near the freezing point •use the major source of fresh water at this site was in situ melt of sea ice. In late May, measurements of ice thickness were done on days suitable for helicopter flying. Variability associated with the sampling technique, ice floe movement and increased melt around sample holes caused the fluctuations found in Figure 3 .
During period III, the buoyancy flux due to combined river runoff and sea ice melt was maximum. Averaged river discharge was 1222 m 3 s 'l, while the equivalent discharge due to ice melt was 600 m 3 s 'l. The total flux of 2.18 x 10 '8 m e s '3 ac.c•unted for a mixing power equivalent to -3.35 x 10 '3 W m '2 (Table 1) (Table 1) .
By late May-early June 1986, the upper water column at station 583 had reached its maximum stratification. Vertical mixing was very limited under the broken but nearly complete ice cover. PE changes in the upper 30 m of the water column were very close to the calculated difference between surface flux and dissipation rates, which indicates that estimated drag coefficient and velocity values were appropriate (Table 1) (Figure 6) .
Intense mixing produced a marked decrease in surface temperatures throughout the study area. This phenomenon was quite widespread because the river plume had collapsed drastically, almost to its open water dimensions of less than 100 km e [Ingram, 1981] . Steele et al. [1989] , showed that floe size and shape influenced drift speed, with large thin floes moving faster than small thick ones. They also demonstrated that form drag due to the flow of water against the blunt leading edge of ice floes may become more important than tangential skin friction drag when ice concentration is less than 100%. Their numerical computation showed that this would happen for small, thick floes at small ice concentrations (less than 20%). We neglect form drag because ice concentration was greater than 50%, during period IV.
Over ice-free areas (assumed < 50% of study region) an air-water drag coefficient Co--1.1 x 10'3 was taken for a 10m reference height [Bowden, 1983] . For a wind speeds of 15 and 25 km h 'l, the work done by the wind over ice-free areas was equivalent to 9.71 x 10 '5 and 5.0 x 10 '4 W m '2, respectively. Kullenberg [1976] states that for significant wave heights of less than 2 m, vertical mixing due to waves is small compared to that from wind drift shear. In our study, limited fetch (< 100 km) and observed winds produced significant wave heights below this value. High frequency surface wave effects were then assumed to be negligible for KE dissipation.
The work done by the wind in the ice-covered region is at least one order of magnitude greater than for ice-free areas. Bruno and [Godin, 1972] . No attempt was made to isolate diurnal constituents because tidal analysis showed them to be very small.
The use of a band-pass filter was preferred over the method implying subtraction of low frequency and predictable tidal constituents from observed data [Thomson andHuggett, 1981; Fissel, 1982; Prinsenberg, 1986 Prinsenberg, , 1987 because the breakup and dispersal of the sea ice cover during the study period provoked a non-astronomical modification of both tidal phase and amplitude. This phenomenon was visualized by complex demodulating the current meter time series using 0.081 h 'l as the demodulation frequency [Bloomfield, 1976] 
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KINETIC ENERGY/UNIT VOLUME
In the study area, the source of KE available for mixing was reported to be predominantly from surface waves and meteorological forcing (3-5 day frequency band) during the ice-free season [Ingram, 1981] . In late winter, when direct wind forcing is virtually eliminated by the landfast sea ice cover, the primary source of energy is presumed to be both tidal [Ingram, 1981] and from large scale atmospheric forcing through the ice [Ingram and Larouche, 1987] . Using the current meter data, we examined the temporal evolution of the KE field between early April and mid-June 1986.
The KE/unit volume at the study site was calculated using the current meter data as follows:
KE -1/2 pU 2
where U represents the total velocity (observed or filtered). The results, plotted for observed and filtered data sets, are shown in Figure 11 . At 10 m depth, most of the energy was concentrated in the semi-diurnal band. Low frequency motion produced some noticeable peaks in late April and early May, but itwas only during the first two weeks of June that it became significant. Inertial contribution was almost negligible throughout the entire period of study. frequency bands. In June, the inertial band value was ! 1 times larger compared to April. However, motion in that frequency band contributed less than 3% of the overall value during period IV (Table   4) 
